Immunochemical characterization of the deficiency of the alpha-ketoglutarate dehydrogenase complex in thiamine-deficient rat brain.
Mitochondrial dysfunction is a common feature of many neurodegenerative disorders. The metabolic encephalopathy caused by thiamine deficiency (TD) is a classic example in which an impairment of cerebral oxidative metabolism leads to selective cell death. In experimental TD in rodents, a reduction in the activity of the thiamine diphosphate-dependent, mitochondrial enzyme alpha-ketoglutarate dehydrogenase complex (KGDHC) occurs before the onset of pathologic lesions and is among the earliest biochemical deficits found. To understand the molecular basis and the significance of the deficiency of KGDHC in TD-induced brain damage, the enzyme activity and protein levels of KGDHC were analyzed. The effect of TD on the subregional/cellular distribution of KGDHC and the anatomic relation of KGDHC with selective cell death were also tested by immunocytochemistry. Consistent with several previous studies, TD dramatically reduced KGDHC activity in both anatomically damaged (thalamus and inferior colliculus) and spared (cerebral cortex) regions. Immunocytochemistry revealed no apparent correlation of regional KGDHC immunoreactivity or its response to TD with affected regions in TD. The basis of the enzymatic and immunocytochemical behavior of KGDHC was further assessed by quantitative immunoblots, using antibodies specific for each of the three KGDHC components. Despite the marked decrease of KGDHC activity in TD, no reduction of any of the three KGDHC protein levels was found. Thus, TD impairs the efficacy of the KGDHC catalytic machinery, whereas the concentration of protein molecules persists. The generalized decline of KGDHC activity with no apparent anatomic selectivity is consistent with the notion that the compromised mitochondrial oxidation sensitizes the brain cells to various other insults that precipitate the cell death. The current TD model provides a relevant experimental system to understand the molecular basis of many neurodegenerative conditions in which mitochondrial dysfunction and KGDHC deficiency are prominent features.